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THE EFFECT OF GEOMETRIC DIHEIRAL ON THE
AFRODYNAMIC CHARACTERISTICS OF A 40°
SWEPT-BACK WING OF ASPECT RATIO 3

By Béernard Maggin and Robert E., Shanks
SUMMARY

Force tests at low Reynolds numbevrs were made to determine
the effect of changes in the geometric dihedral on the aercdynamic
charscteristics of a wing of aspect ratio 3 having an angle of
swoepback of 40° measured at thie quarter-chord line. The results
of the tests for the swept~back wing of aspect ratio 3 indicated
that, for low and moderabe 1ift coefficients, changes in geamstric
dihedral from -10° to 10° resulted in a change In the effective
dihedrel that was about T5 percent as great as that cbtained
for an unswept wing of aspect ratio 6. For dihedral angles out-
slde the range of -10° to 10°, changes in geometric dihedral
produced gbout half as much change in effective dihedral as for
dihedral angles between -10° and 10°. At a 1lift caefficient
above a vaelue of 0.8, the maximum values of effective dihedral

obtained with large nagative geometric dihedral angles were R

greater than those obtained with 0° geaqmetric dihedral, Over the
linear range of the 1ift curve, the directional-stability param-
eter generally increased with increasing negutive dihedral

and increasing lift coefficlent, but did not change appreciably
with increasing positive diﬂedral. Increasing positive dihedral
resulted in an increase in the nosing-up pitching moments
(destabilizing) at the stall, and increasing negative dihedral
resulted in an increase in nosing—down moments (atabilizing)

at the stall. Increasing posiiive or negative dihedral caused
a decrease in the lift-curve slope and an increase in the
variation of lateral force with sideslip.
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INIROYGCTION

One undesirable charecteristic of highly swopt-back wings
is the large variation in affective dihedral with a varlstion
in 1ift coefficient. This variation tends to glve excessive
values of eff'ective dihedrel at mrderate exrmd high 1ift ccefficlents.
In order to limit the maximm value of- effsctive dihedral to a
value that will permit attainment of satisfactory dyncmic luteral
8tability -snd control characteristics, it mey be neccssary in
msny cascs to use negative geometric-dihedral. In order to obtain
some indication of the effects of changos in goamvtric dihcdral
on the serodynamic characteristica of a swept-back wing, an
investigation hus been mande et low Reynolds numbers in the Langley
free-flight tunnel. This investigation consisted in force tests
of a 40~ swept-beck wing of espect ratio 3 with geomotric dihodral
angles runging from 20° to -300 The results of the investigation
are prusented herein. :

The forces and moments were measured with respect—to the
stability axes, (See fig. 1.)

Cr, + Lift coofficiont "'lf L)
Drag

CD drag coefficient (..E_s_.)
Cpy pltching-moment coefficient -Ilg

qs
CZ rolling-moment cosfficlent i

qdb
Cn Yawling-moment coel i‘icient (EN—-
CY lateral-force coefficient (Iﬂg;‘% "orcLD

rolling moment sbout X axis, foot-pounds

M pitching moment about Y axls, foot-pounds
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yowing moment cbout Z  axis, fﬁot—_pounda LT
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wing aree {0° dihedral wing), square Teet

wing span (0° dihedral wing), feet

wing chord, measured in plane parallel to plane of
symnetry, feet

wing mean serodynamic chord mensured in plane para.lle"
to plane of symmetry, feot

lateral location of wing mean aercdynaomlic chord measured
from axis of symmetry, lnches

vertical locatlion of wing mean aerodgnamic chord messured
from lower surfuce of the wing (0~ dihedral), inches

wlng aspect ratio &be\
(107
dynemic pressure, pounds per square foot \~2-pV .

mass density of alr, slugs per cublc foot e
alrspeed, feet per second

angle of roll, degrees

angle of asldeslip, degrees

angle of yaw (-B), degrees

geometric dihedrel angle, measured with respect to
under-surface aof wing, degrees .

angle of attack at the lower surface of the wing, degrees
taper ratio, ratio of tip chord to root chord

erfective-dihedral parameter, rate cf change of rolling- -
moment coefficient with angle of sideslip, per degree ___9

directional-stabllity paremeter, rate of change of yawing-
m.,mant coefficient with angle of sideslip, per degree

aa/
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CY latersl-force parﬁmeter, rate of chenge of lateral-force \
B coefficient with angle of sideslip, per degree _1%§)

EEEQ rate of change of effective-dilhedral paramster wlth i
AT geametrit-diladral angle, per degres

CLm lift~-curve slope, per degres Qégg)

APPARATUS AND TESTS

The force teste to determine the asrcdynemic character-
iatice of the various wing conligurations were mede cn the
Langley froe-flight-tunncl six-comporient bulance which robates
in yaw with the model ec that &ll forcoes and momenta are measurod ) .
with respuct to the stability axes.  (See fig. 1,) 4 complete '
description of the balance gyatem 13 given in referemnce 1. All
the tusts were run at & dynumic pressiure of 3.0 pounds per equare v
foot corresponding to a test Roynolds nmumber of 249,000 based on :
a mean asrodynamic chord of 0.778 feet. - Co

A sketch of the tapered wing (A = 0.5) of aspect ratio 3,
with a sweepback Of 40° measured at the quarter-chord line, 1s _
presented in figure 2, The wing has a Bhode St. Geneas 33 airfoil
gection parallel to the plane of symmetry. This wing sectlon wus
uged in accordance with the free-flight-tunnel practice of using
alrfell sections that obtain meximum 1ift coefficlents in the :
low-scale tests more nearly egual to those of full-scale wings., )
The wing was consitructed of pine in threo secilons: a 0.10b
center panel, and two 0.45b outboard panels. The outbourd panels
wore hinged to the center panel und faired wedge blocks were used
to give a range of geometric dihedral asngles fram 20° to -30°
measured at the under suxface of the punels perpendiculer to the
plane of symmetry. -

A serles of force tests were made for dihedral angles of
0°, 1%°, +10°, ¥20°, and -30° to dotermine the asrodynsmic J
cheracteoristics of the wing over the lift-coefficient range for
yaw engles of 0° and +5°, A few force teuts were made over a B
rangs of yaw angles of 30° to -30° at an engle of attack of )
29 o dotermine whether the values of tho latersl-stabllity
purameters obtained from angle-of-attack teste at +5° yaw were
relieble over g reasconable yaw-ungle range.
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RESUT.TS AND DISCUSSION

All the test data are based on the area, spsn, and mean
aerodynamic chord of the zero-dlhedrsl configuration and are
nsasured with respect to the same moment-reference axes unless
otherwise stated. The origin of the moment-reference axes shown
in figure 2 1s the quarter-chord point of the mean aerodynamic
chord when the wing is set at 0° geomeotric dihedral, Since the
mean aerodynemic chord moves upward wlth respoct to the moment-
reforence point as positive dihedral i1s lincreased and downward
as negative dihedral is Increased, it is necessary to corvect the
basic data presented with respect to the moment-reference axes
when moment data sre desired about some point on the mean
aerodynamic chord of the wing. =

The results of the angle~of-attack tests at angles of yaw of
0° and +5° are presented in figure 3. The results of the yaw
tosts at o = 2° are prosented in figure 4. A comparison of the
data of figure 3 with data of figure 4 indicates that at least
over the linear range of the lift curve, the lateral force parameter
CYB, the directional-stability paramoter nﬁ, and the efiectlive-

dihedral paramster CzB obtained from the tests at yaw angles of

+5° give reliable valuses of these p“rametors over a range of Jaw
angles of approximately +15°. —

The longitudinal-stability characterietics of the wing over
the dihedral range have boen summerized in figure 5 and the
leteral-stability characteristics in figures 6 to 8. -Symbols,
which have been used in some of the surmary plots to ald in
dlstinguishing the curves, should not be taken as test points,

Lift Cheractoristics
The data of figure 5 indicate that the lift-curve slope
decreases with increacsing positive or negative geometric dihedral.

The investigation of refvrsnce 2 showeod that the decreass in
lift-curve slope with geometric dihoedral can be exprossed as

= (FL4%7=00 00321‘ S (1)

Thia theorsticael relationship is presented in figurs 5 and is
in gouod sgreement with the sxperimental rosultis..
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The low-scale 1ift datse in figure 3 indlcate that the maximum
1lift coefficicent generclly decresscd wlth increasing positive or
negative geometric dilhedrul, This decrease in maximum lift
coefficients resulted from the fact that tho Lift coofficionts
were basod on the ares of the wing with zero dihedral and not
the projocted wing arca, which decreased with dihedral.

The data of figure 3 also show an increass in the angle of
attack of maximm 1ift with increasing peegltive and negutivo
geometric dihedrals. As pointed out in reforence 2, this increase
is caused by a reduction in the angle of attack meesured in the
plane normal to the wing surface as the geometric dihedral is
increased either in the positive or negative direction.,

Pitching-Mowent Characteristlica

'The data of figure 5 indicalte that, when the pitching
moments are referred to the momont=reference axes, an apparent
increase in longitudinal stability dCph/dCr, with increasing

geometric dihedral rosults. When the piitching mcoments are
referred to the mean serodynsmic chord for each dilhedral angls,
however, only a slight change in longitudinal stability with
goeometric dihedral resulis, ' '

The pitching~moment data of figure 3 indlcate that goomstric
dihedral af'fected the low-scale pitching-moment characteristics
at higa 1ift coefficients. These date obtained at low Reynolds
number indicated that-increasing positive geomstric dihedral
resulted in an increase in nosing-up pltching moments (destublli-
zing) at the stell and increasing negative dihedrsl resulted in an
increase in nosing-down mcaments (slLabilizing) at the stall. The
changes in pitching moment at stall are not ao proncunced when
these data are corrected to the mean aerodynamic chord for the
correspcnding dihedral configuration.

Rolling-Moment Characteristics (Effective Dihedral)

The data of figure 6 indicate that up to s Llift coefficient-
of 0.80 the effective-dihodral paremetor -CZB increascs with

Lift coefficlent and positivo geometric dihedral snd decreases
with nepative geametric dihedral., 'The wing with 0° gecmetric
dihedral reaches & maximum value of --CzB at a 1ift coefficient of

1.0, With increasing posltive geametric dlhedral the maximum
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value of -CZB occurs atv lncreasingly lower 1ift coefficients

(0.90 for 20° dihedral). With negative geometric dihedral, maximum
values of ‘013 would be reached at some lift coefficient beyond

maximua 1ift. This phenomense can be explained by the fact that the
change in Clﬁ with lift coefficient near msximum 1ift 1s governed

by the nature of the wing stall. With positive geometric dihedral
the angle of attack resulting from sideslip is such as to increase
the angle of attack on the leading-wing penel and to decreazse the

engle of attack on the trailing-wing panel. With negative geometric

dihedrel the opposite effect takes place and the leading-wing

panel has the susller angle of atteck. As maximum 1ift is approached

in a sideslip, the wing penel with the higher ungle of attack
therefore begine to stall first and = decresse in 1lift {and rolling
moment) produced by that pansl rvesults,

The data of figure 7, which is a ¢ross plot of figure 6,
indicate  that, for any lift coefficient in ths liuesr portion of
the lift curve, an approximately linear variation of effective-
dihedral parsmeter C-LB with geomotric dihedral occurs for a

range of geometric dihedrals from --lQo to 10°. The variation_of'

oC
CZB with dihedral B;? decreases for geometric dihedral angles

outaside the range of -10° to lOO. The curves of figure T are
cross-plotted in figure 8, which shows that the dihedral &ffective-

aC .
ness paremnstor ._gzﬁ for geometric dihedral angles between -10°
1‘1 .
and 10° varies over the 1ift range from ebout -0.00017 to -0.00012

and is more than twice the value of '§§%§ Tor geometric dihedrals
T T . ]

in the range outside $10°. For an unswept wing of espect. ratio 6,
which is repreosentetive of wings on many present-day conventional

Cy
airplanes, the value of -ér_ﬁ i3 0.00021 (reference 3). The
ac of
overage valus of -~S%g ovor the lcw =nd moderate lift-cosfficisnt

range for dlhedral angles between *lO for the wing tested was
0.00016 or gbout 75 percent of thu value for the unewept wing of

¢ e = g
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agpect ratlo 6. This reduction in the value of %glﬁ for the
ai

swept-back wing a3 compared to the unswept wing is attributed in

part to the lower lift-curve slope of the swept-back wing.

The date of figures 6 and T indlcate that st any 1ift ccefficlent
up to-a 1ift coefficient of 0.8, increzusing the negative geometric
dihodral causes a reduction in the value of _CIB' At s 1ift
coefficient above 0.8, however, increasing the negative geomslric
dihedrel increases tho value of -CZB. For example, for 1lift

coefficlents sbove 1.0, the values of —CIB are greatvr for

goomotric dihedrsl angles of -20° and -309 than for zero geomstric
dihudral. ' )

Yawing Mcmont cnd Lateral Force

The cross-plote of figures 6 and 7 indicate, that the dirwcticnel-
stabllity parameter CnB generally increases with Increasing

negative dihedral and increasing 1lift coefficlent over the linear
range of the 1lift curve but is nol appreoclably srfected by incruaaing
positive dihedral. An analysie of the forcea acting on the wing
indicated that at sny 1ift coefficient in the linear range of the
1ift curve the dlrectional-stebility parameter CnB should

increase with an increase in negative dihedral and decrease with
an lucroase in positive dihedral., The dlacrepancy between tho
analysis and the test deta for wings with positlve dihedrsl hoa
not been explained. The datae of figuros 6 and 7 alsc indicste
thet, over the linear portion of the 1lift curve, the veriation
of lateral force with sideallp CYB increases with increasing

posltive or negative dihedral but does not vary with lift coefficient.

CONCLUDING REMARKS

The effects of varying the dihedral angle of & wing of
aspect ratio 3 having an angle of sweepback of 40° messured at
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the quarter-chord lins were determined by force tests made at
low Reynolds numbers and the results sro summarized as follows:

1, TFor low and moderate 1lift coefficlents changes in geo-
metric dihedrsl from -10° to 10° resulted in an effective dihe-
dral change approximately 75 percent as great as that obtained
for an unswept wing of aspect ratio 6. For dihedral angles
outside the range between -10° to lO°, chenges 1n geomstric
dlhedral produced only sbout half as much change in effectivs
dihedral as for dihedral between 10° mnd -10°. At 1ift coef-
ficients ebove 0.8, the maximum values of effective dihedral
for wings with large negative dihedral =ngles were gleater than
the waximum value obtalned for wings with 0° gecmetric dihedral.

2. Over the linear range of the 1lift curve, the directional-
stability parameter gensrally increased with incrsasing negative
dihedral and increasing 1lift coefficient but showed no apprecilable
change with increasing positive dihedral.

3. Increasing positive dihedial resulted in increasing
nosing-up pitching moments (desitabilizing) at the stall and
increasing negative dihedral resulted in increasging nosing-down
moments (stabilizing) at the stall,

Lk, Increasing positive or negative dihedral resulted in a
decrease in the lift-curve slope and an increase in the variation
of lateral force with sideslip.

Langley Memorisl Aeronautical Laboratory
National Advisory Committee for Aeronautlcs
Langley Field, Va., September 19, 1946
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Fig. 3b
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Figure 4.- Variation of latgral—stability parameters
with angle of yaw for a 40" swept-back wing of
aspect ratio 3., a = 29,



Fig. b NACA TN No. 1168
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Fig. 7 . . NACA TN No. 1168
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a 40° swept-back wing of aspect ratio 3.
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